Photons, femtoseconds and dipolar interactions: a molecular picture of the primary events in vision.
The first 200 femtoseconds in the life of a photoexcited rhodopsin molecule are extremely important for the development of visual sensation. Immediately upon excitation, a dramatic change in the charge distribution of the cationic 11-cis-retinal protonated Schiff base chromophore occurs that is quantitated by the change in electronic dipole moment of approximately 15 Debye. The opsin protein tunes the absorption maximum of the pigment to the blue or to the red enabling colour vision by placing dipolar rather than charged residues in the chromophore binding site to differentially stabilize either the ground or the excited state charge distribution. Resonance Raman intensity analysis reveals that the 11-cis-retinal chromophore then distorts violently about the C11 = C12 double bond, reaching torsional angles of approximately 70 degrees in only 30 fs. This rapid torsional distortion is driven by the non-bonded interaction between the 13-methyl group and the 10-hydrogen that is unique to the 11-cis configuration of the chromophore. The excited state depopulates in approximately 50 fs through a rapid and vibrationally coherent transition to the ground electronic state manifold with relaxation to the formally trans photoproduct complete in only 200 fs. This unusually fast and efficient isomerization process establishes a new paradigm for condensed phase photochemical reactions.